Validating interactions between different proteins is vital for investigation of their biological functions on the molecular level. There are several methods, both in vitro and in vivo, to evaluate protein binding, and at least two methods that complement the shortcomings of each other should be conducted to obtain reliable insights.
1. Differentially tag the proteins to be tested for their detection. Label the protein to be immobilized on the membrane (ProIM) with a tag of a larger size (e.g., GST), and the unfused tag can be used as an immobilized negative control (ProIMnc). Label the protein to be used as a soluble probe (ProSOL) with either a large or a small tag. Fuse the same tag to an appropriate negative control soluble protein (ProSOLnc) and include in the interaction assay to confirm the specificity of the detected binding. 2. Choose the protein expression system to express tagged proteins, i.e., E. coli, baculovirus, etc., depending on the requirement for potential post translational modifications and yields of the proteins. 3. Extract ProIM and ProIMnc from the organism of choice (step 1.2) using SDS-PAGE loading buffer (20% glycerol, 4% SDS, 20 mM Tris-HCl, pH6.8) containing proteinase inhibitor cocktail. Leave the cell suspension at room temperature for 15 min, add 0.5% of 2-mercaptoethanol and boil for 5 min. 4. Extract ProSOL and ProSOLnc from the organism of choice (step 1.2) using a standard protocols 16 . These proteins should be readily soluble in the binding buffer (140 mM NaCl, 10 mM, Tris-HCl pH 7.4, 2 mM EDTA, 2 mM DTT, 1 % BSA, 0.1% Tween 20) used in the step 4.1. 5. Determine the concentration of the recombinant proteins using a standard method, such as Bio-Rad protein assay kit. such as Bio-Rad protein assay kit. If crude extract, rather than purified protein, is used for the assay, estimate the concentration of the protein of interest in this extract by scanning densitometry of the corresponding band on an SDS-polyacrylamide gel stained with Coomassie Brilliant Blue R-250 and using known concentrations of BSA as reference.
1. Resolve two sets of extracts, each containing 1 μg of ProIM and ProIMnc on an SDS-polyacrylamide gel according to the standard protocol 16 . 2. After electrophoresis, place the transfer the gel to in 100 ml of transfer buffer (60 mM Glycine, 10 mM Tris, 0.0006% SDS, 20% MeOH) and incubate with gentle agitation for 20 min at room temperature. 3. Electrotransfer the proteins contained in the gel to a nitrocellulose membrane according to the standard protocol 16 .
1. After electrotransfer, incubate the membrane for 15 min in 15 ml of buffer A (30 mM Tris-HCl pH7.4, 0.05% Tween 20) with gentle agitation to remove residual SDS. 2. After draining carefully, transfer the membrane to 25 ml of denaturation buffer (7 M guanidine hydrochloride, 2 mM EDTA, 50 mM DTT, 50 mM Tris-HCl pH 8.3 ). and incubate for 2 hours at room temperature with gentle agitation. (Note: The nitrocellulose membrane becomes opaque when incubated in the denaturation buffer). and incubate for 2 hours at room temperature with gentle agitation. 3. Transfer the membrane to 25 ml of TBS (10 mM Tris-HCl, 150 mM NaCl, pH 7.4) and incubate with gentle agitation for 5 min (Note: During this step, the membrane regains its original white color). 4. Transfer the membrane to 25 ml of binding buffer (see step 1.2) and incubate at 4°C with gentle agitation for overnight.
1. Cut the membrane into two strips, both containing ProIM and ProIMnc. 2. Make the ProSOL and ProSOLnc hybridization solutions by diluting the preparation with 1-10 μg of either ProSOL or ProSOLnc in 10 ml of fresh binding buffer. Transfer each membrane into the ProSOL or ProSOLnc hybridization solution and incubate for 1.5 h at room temperature with gentle agitation. 3. Remove the membranes from the hybridization solutions and rinse three times for 15 min each in TBS.
1. Block the membrane with 2.5% skim milk in TBST (10 mM Tris-HCl, 140 mM NaCl, 0.05% Tween 20, pH 7.4) for 1 h at room temperature.
Dilute the primary antibody (anti-strepII polyclonal rabbit antibody) in 0.5% skim milk in TBST at the concentration recommended by the manufacturer. 2. Place the blocked membranes in the antibody solution, and incubated for 1 h at room temperature or for overnight at 4°C with gentle agitation. 3. Rinse the membranes in 20 ml TBST for 15 min, and twice for 5 min at room temperature with gentle agitation. 4. Dilute the secondary antibody (anti-rabbit IgG antibody) conjugated with horse radish peroxidase (HRP) in 0.5% skim milk in TBST at the concentration recommended by the manufacturer. Place the membranes in the secondary antibody solution and incubate for 1 h at room temperature with gentle agitation. 5. Rinse the membranes in 20 ml TBST for 15 min, and twice for 5 min at room temperature with gentle agitation. After the final rinse in TBS, visualize the protein-protein interaction using a HRP chemiluminescence substrate (for example, Millipore Immobilon western chemiluminescent HRP substrate). 6. Probe the same membranes with the primary antibody for the tag fused to ProIM, followed by the appropriate secondary antibody as described in steps 5.1 to 5.4. Visualize ProIM and ProIMnc as described in step 5.5 to validate the identity of the bands obtained in the protein membrane overlay assay (step 5.5). In most cases, stripping is not necessary, because the signal obtained by this step is much stronger than residual signal obtained from step 5.5. Protein extracts containing 1 μg of GST-MP (ProIM) or unfused GST (ProIMnc) were resolved on a 15% SDS-polyacrylamide gel, followed by electrotransfer onto a nitrocellulose membrane. The GST-MPProIM and GSTProIMnc were incubated with 0.5 μg/ml of ANK-strepII (ProSOL), and ANK binding was detected by probing the membrane with anti-strepII rabbit polyclonal antibody, followed by anti-rabbit IgG+M secondary antibody conjugated to HRP (lanes 1 and 2). Neither GST-MPProIM nor GSTProIMnc interacted with an unrelated protein, Arabidopsis cytoplasmic NADH kinase, fused to the strepII tag (ProSOLnc, lanes 3 and 4). The identity of the band observed in this assay was confirmed by probing the membrane with anti-GST antibody (lanes 5 and 6). When the membrane was treated with denaturation buffer without being washed with buffer A, the binding of the GST-MP to ANK is lost, while unidentified proteins contained in the GST-MP and GST contining protein extracts reacted with ANK-strepII, demonstrating the importance of the step 3.1 before the denaturation process (lanes 7 and 8).
Discussion
This approach is suitable for testing protein-protein interactions between combinations of the proteins,when at least one of which the proteins is readily soluble in the binding buffer, and was successfully applied to other combination of proteins 17, 18 . The iInteractions between the proteins that are both insoluble under these conditions cannot be tested by this protocol.
Also, successful refolding of ProIM is critical for the assay. Rinsing the membrane in TBS after the electrotransfer is the key step, because the residual SDS can impair the denaturation/renaturation process.
Finally, to avoid non-specific binding, the concentration of ProSOL in the binding buffer should not exceed 1 μg/ml. ProSOL which is too concentrated may exhibit non-specific binding to ProIM. Also, to block the non-specific binding of membrane immobilized proteins to ProSOL, BSA in the hybridization buffer used during step 4.2 can be substituted to skim milk.
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